ABSTRACT Consumption of bifidobacteria as a dietary adjunct has received considerable attention for its possible role in the maintenance of gastrointestinal health. However, speculation exists about these presumed health benefits because of an inability to assess the fate and mechanism of action of ingested bifidobacteria. Thus, our objective was to examine the fate of ingested bifidobacteria through the gastrointestinal tract. Variations in the highly conserved 16S ribosomal DNA (rDNA) of bifidobacteria from six male subjects (18 to 35 y old) were assessed by restriction fragment length polymorphism (RFLP) analysis. During the 16-d study, 10 10 colony-forming units (CFU) of a commercially available bifidobacteria were delivered to subjects in fluid milk for each of 8 d. During the remaining 8 d, subjects consumed milk without bifidobacteria. Feces were collected at 4-d intervals and plated on selective media. For each subject, 10-15 colonies were randomly selected and used as template for PCRamplification of 16S rDNA. 16S rDNA was restriction digested and resolved by electrophoresis. The 16S rDNA-RFLP of the ingested bifidobacteria was unique compared with bifidobacteria found in subjects prior to the feeding study. When subjects consumed bifidobacteria, a 16S rDNA-RFLP identical to that of the ingested bifidobacteria was observed in feces. The concentration of the ingested bifidobacteria in feces increased to 67.2 { 8.5% (mean { SEM) of total bifidobacteria. After feeding stopped, the ingested bifidobacteria diminished and became undetectable. Using this molecular approach to monitor ingested bifidobacteria, we demonstrate the kinetics of passage of this organism through the gastrointestinal tract of healthy humans.
The use of live microbes as dietary adjuncts or ''probiotics'' probiotics in the alleviation of problems of nutritional imporis a subject of intense and growing interest. Probiotics have tance, including lactose malabsorption (Jiang et al. 1996) , cobeen defined as living organisms that, when included as a part lon cancer (Rafter 1995) and increased serum cholesterol (Li of the diet, confer some favorable effect on the host (Fuller et al. 1995) . However, the extent of reported benefits ascribed 1991). The proposal that the ingestion of certain viable organto probiotics extends beyond the realm of immediate nutriisms may provide some health benefits has incited numerous tional importance and encompasses a wide variety of human recent investigations into this area. Several reports implicate health problems, including the prevention of gastrointestinal and vaginal infections (Elmer 1996) 
(Fuller 1991).
(1996) The differentiation of ingested and endogenous bifidobacteria by restriction
Among the organisms used as probiotics are microbes in fragment length polymorphism analysis of polymerase chain reaction-amplified 16s rRNA genes: a balance study in humans. FASEB J. 10: A4597 (abs.)] and at the genus Bifidobacterium, which are also major components of much speculation (O'Sullivan et al. 1992) because there .
are inherent difficulties in obtaining definitive evidence for 3 Published as paper no. 22341 of the contribution series of the Minnesota Agricultural Experiment Station.
proposed effects of ingesting exogenous bifidobacteria. One 4 The costs of publication of this article were defrayed in part by the payment difficulty is the presence of endogenous bifidobacteria in the of page charges. This article must therefore be hereby marked ''advertisement'' gastrointestinal tract and feces of humans, which complicates in accordance with 18 USC section 1734 solely to indicate this fact. 5 To whom correspondence and reprint requests should be addressed.
ter. Serial dilutions of the sample were prepared and spread plated directly onto the bottom of a sterile microcentrifuge tube. The authenticity of the colonies appearing on the selective/differentiating plates was verified by assessing the activity of fructose-6-phosphate and unequivocally demonstrating the survival of ingested biphosphoketolase, a marker enzyme for the genus Bifidobacterium fidobacteria through the gastrointestinal tract.
(Scardovi 1986).
To monitor ingested bifidobacteria, Bouhnik and co-workPolymerase chain reaction and restriction fragment length polyers (1992) isolated a streptomycin-and rifampicin-resistant morphism of 16S rRNA genes. To prepare the portion of the colony variant of a Bifidobacterium species, which could be distinfor PCR, the sterile microcentrifuge tube containing the colony portion guished from endogenous bifidobacteria. Although this was microwaved for 7 min at 600 W per a modification of a procedure method of monitoring ingested bifidobacteria allows for convedescribed by Bollet and co-workers (1991) . Following this microwave nient differentiation from endogenous organisms, it may inlysis, PCR reagents were added directly to the microcentrifuge tube.
crease the dissemination of antibiotic resistance, and mutants Cetus, Norwalk, CT). Universal 16S rRNA primers (Lane et al. 1985) As an alternative to differentiating endogenous and ingested were used to direct amplification. Primer sequences were as follows:
bifidobacteria with antibiotic resistance, we used an analysis forward primer (5-CAGCMGCCGCGGTAATWC-3) and reverse of the 16S ribosomal DNA (rDNA) 6 to monitor ingested bi- and endogenous fecal bifidobacteria in healthy male subjects disappearance of IBF from the feces of subjects at various intervals throughout the course of a controlled feeding study.
during the study are expressed as the number of randomly selected colonies with a 16S rDNA RFLP matching that of IBF divided by
MATERIALS AND METHODS
the total number of colonies that were randomly selected. To assess the impact of the duration of bifidobacteria feeding, mean percentages Subjects and sample handling. Information about the subjects is of the ingested bifidobacteria and mean total bifidobacteria counts at available in Table 1 . None of the subjects were consuming or had the various time points were compared by a repeated-measures ANconsumed, for approximately 4 mo, products containing bifidobac-OVA (Steele and Torrie 1980) . For those variables with significant teria. The six 18-to 35-y-old healthy non-smoking males had no overall treatment effects, differences among individual time points history of gastrointestinal disorders, nor had they used antibiotics in were identified with the Student-Newman-Keuls multiple range test the previous year. Subjects were instructed to maintain their usual (Steele and Torrie 1980 samples were immediately homogenized in sterile 0.1% peptone warDNA of bifidobacteria from the six subjects in this study, we observed that none of the fecal bifidobacterial isolates from these individuals showed a RFLP profile that was identical to 6 Abbreviations used: CFU, colony-forming unit; IBF, ingested bifidobacteria;
that of the strain (IBF ) found in a variety of commercial dairy PCR, polymerase chain reaction; rDNA, DNA encoding rRNA; RFLP, restriction fragment length polymorphism.
products and which was to be ingested in the study. The / 4w11$$0024 12-27-96 10:47:49 nutra LP: J Nut an unmodified, ingested food-grade bifidobacteria. The strain of bifidobacteria ingested in this study is found in commercial dairy products. Our inability to detect an endogenous RFLP that matched IBF suggested that this food-grade strain would allow us to monitor the kinetics and transit through the gastrointestinal tract of these unmodified, ingested bifidobacteria. The presented observations demonstrate that colonies of bifidobacteria chosen from feces of subjects consuming IBF have a 16S rDNA RFLP that is identical to that of IBF, suggesting that this strain can survive passage through the gastrointestinal tract. The proportion of selected colonies with RFLP matching that of IBF rose quickly during feeding and became the predominant strain of bifidobacteria after 8 d of feeding. Conversely, when IBF feeding was stopped, the proportion of the ingested organism in the feces dramatically diminished and was not detectable after 8 d. These results compare favorably with the findings of Bouhnik et al. (1992) , who monitored a spontaneous antibiotic-resistant strain of bifidobacteria and of feeding was the result of the rapid elimination of IBF. The modest nature of this increase, which was presumably induced appearance and disappearance of IBF from the feces of subjects by IBF consumption at 10 10 CFU/d, also suggests that only a are shown in Figure 1 . The 16S rDNA RFLP of the IBF was fraction of IBF survive passage through the gastrointestinal not detected at pre-study (0 d) in any subject but quickly rose tract. This is consistent with the results of Bouhnik et al. to 57.8 { 9.2% of colonies after 4 d and 67.2 { 8.5% at 8 (1992) , who recovered only 30% of the oral load of bifidod. Four days after IBF feeding stopped, the proportion of isobacteria in the feces. lates with a 16S rDNA restriction profile identical to that of We have demonstrated that ingested bifidobacteria can sur-IBF fell to 15.8 { 12.2%, and after 8 d it was not detectable.
vive passage through the gastrointestinal tract into the feces. Repeated-measures ANOVA of the effect of duration of feedClearly, this is an important attribute of an ingested bifidoing on mean percentages of the ratio of IBF to total bifidobacteria. Fecal populations of bacteria are considered to be bacteria revealed significant differences (P õ 0.001). Further, accurate indices of the bacterial populations in the gastrointespost-testing analysis demonstrated that there was no signifitinal tract (Moore et al. 1988, Simon and Gorbach 1984) . cant difference between the mean percentages at 4 and 8 d, Thus, our inability to detect IBF 8 d after the cessation of whereas these means were different from those at the other feeding suggests that the ingested bifidobacteria are not colotime points (P õ 0.05). However, differences among the nizing the gastrointestinal tract to a significant extent. These means at 0, 12 and 16 d (where IBF was not consumed) were results compare favorably with the findings of others (Bouhnik not significant. Figure 2 shows HaeIII digested 16S rDNA et al . 1992 . , Mangin et al. 1994 ). This may be because the separated in 2.5% agarose gels from a representative subject human intestine is somewhat resistant to colonization by exogat 0, 4 and 8 d of IBF consumption. In this subject, the enous bifidobacteria or that the ingested organisms are not characteristic restriction profile of IBF was absent at 0 d of suited to this ecological environment. If one assumes that feeding, present at 4 d of feeding and numerically predominant increasing fecal bifidobacteria is the primary requisite for after 8 d of consumption of IBF.
achieving probiotic effects, the findings presented in this study Total concentrations of fecal bifidobacteria from the sublend credibility to the notion that colonization may be unnecjects are shown in Figure 3 . The mean concentrations graduessary. However, it has been suggested that colonization is a ally rose until bifidobacteria feeding was stopped. The mean highly desirable trait for an ingested probiotic organism concentration was highest at d 8, as it rose to 9.81 { 0.12 log (Klaenhammer 1982 , O'Sullivan et al. 1992 . Colonization CFU/g feces. This increase at 8 d represents a change of 0.34 would offer the advantage of allowing the ingested organism to log CFU/g feces from the pre-study concentration. A repeatedmaintain an adequate concentration to affect its environment measures ANOVA identified overall time-dependent effects without constant replenishment. Additionally, colonization (P õ 0.020) in bifidobacteria plate counts. Post hoc testing may allow for a more appropriate response to stimuli or the indicated that the concentrations on d 12 and 16 were signifioccupation of adherence sites that inhibit pathogen-cell intercantly different from that of d 8 (P õ 0.05). No significant actions (Bernet et al. 1993) . If the ingested bifidobacteria are differences were found among mean concentrations at other not capable of colonization, then a rational and systematic time points.
approach to the selection of strains of bifidobacteria to be included in dairy products may help to identify strains that are suited for colonization in this complex ecosystem.
DISCUSSION
We demonstrated in this study that a commercially available strain of bifidobacteria, delivered to subjects in an unmodIn this study, we sought to monitor the appearance and ified and non-mutant form, can be used to study the passage disappearance of bifidobacteria during and after feeding, reof ingested bifidobacteria through the human gastrointestinal spectively. To accomplish this, we employed a molecular method to distinguish between endogenous bifidobacteria and tract. The results of this balance study show that these ingested / 4w11$$0024 12-27-96 10:47:49 nutra LP: J Nut 
